ABSTRACT: Control of anthracnose in green pepper involves the use of resistant varieties and/or fungicides. The selection of varieties and efficient products demands great amounts of conidia as inoculum. It is thus necessary to optimize the production of Colletotrichum gloeosporioides conidia in the laboratory, establishing the best conditions for fungus development. The present study aimed at determining the most favorable culture media, temperature, and light conditions for the production of fungus inoculum. The fungus was isolated from green pepper fruits (Capsicum annuum L.) and transferred to four culture media (PDA, oat, filtered pepper extract, and autoclaved pepper extract), under different temperatures (15, 20, 25, 30, and 35 o C) and light conditions (24h dark, and 24h light). Colony growth was evaluated after 7 and 12 days of incubation. No differences were found between the culture media. However, the greatest number of conidia was obtained from colonies grown in oat medium at 25ºC. Temperatures of 20 and 25ºC were the most favorable for colony growth and sporulation. Higher sporulation was obtained under incubation in constant light. Cultivation of C. gloeosporioides in oat medium, at 25ºC, and constant light is recommended. Key words: Capsicum annuum, anthracnose, mycelium growth, sporulation
INTRODUCTION
Anthracnose, a disease caused by Colletotrichum gloeosporioides (Penz) Penz & Sacc., produces depressed circular spots in green pepper fruits, and under conditions of mild to hot climate, high moisture, and a large amount of inoculum, it can cause relevant yield losses (Kurozawa & Pavan, 1997) . Control can be done by using resistant varieties or through the application of chemical products.
Inoculum availability must exist if the resistance of plant materials and the efficiency of products are to be evaluated. To achieve inoculum mass production, it is therefore important to determine suitable culture media and favorable physical conditions for spore production by the fungus.
The potato-dextrose-agar (PDA) and oat media have been routinely used for phytopathogenic fungi growth and sporulation. Notwithstanding, medium com-position, especially the use of different plant material, and factors such as temperature and light, have allowed increased production of spores (Dalla Pria et al., 1997) .
The objective of this work was to evaluate the effect of the composition of some culture media, temperatures, and light regimes on mycelial growth and conidia production of C. gloeosporioides, aimed at determining conditions that favor development and inoculum production for conducting future assays that would require artificial mass inoculation.
MATERIAL AND METHODS
A C. gloeosporioides isolate, obtained by direct isolation in agar-water from green pepper fruits showing typical anthracnose symptoms, collected in a producing field in the Jarinú-SP region (23º06'05''S; 46º43'42''W) was used. After incubation for three days at 20ºC and under continuous light, the fungus was transferred to tubes containing PDA and maintained in refrigerator at 25ºC.
Evaluation of fungus mycelial growth and sporulation in different culture media was performed using PDA (200 g baked potatoes, 20 g dextrose, and 15 g agar), oat (40 g flour, 15 g agar, and 1,000 mL water), and green pepper. The last medium was prepared with autoclaved and non-autoclaved fruit broth obtained by boiling 200 g of chopped, green fruits in 500 mL of distilled water; broth was then filtered through a sieve, added of 10 g dextrose and 7.5 g agar, and autoclaved. For the non-autoclaved broth, the same amount of green pepper was boiled in 300 mL of distilled water, and the broth was passed through a sieve and sterilized through a filtering membrane (0.22 µm). The sterilized broth was mixed with 200 mL of distilled water added of 10 g autoclaved dextrose and 7.5 g autoclaved agar. Mycelium discs with a 0.5 cm diameter were transferred to the center of the plates containing each media. The incubation of colonies was performed at 28ºC under continuous light.
The effect of incubation temperatures on mycelial growth and on conidia production at 15, 20, 25, 30, and 35ºC was evaluated. In this case, mycelium discs (0.5 cm) were transferred to the center of plates containing PDA, and incubation was conducted under continuous light in BOD incubators.
The effect of light regimes on sporulation was evaluated by incubating the fungus colonies under continuous dark and continuous light conditions. Fluorescent 250 lux bulbs were used when the fungus was exposed to light. Mycelium discs (0.5 cm) were transferred to the center of plates containing PDA medium, and incubation was done at a temperature of 25°C.
Mycelial growth was evaluated at 7 th and 12 th day; the diameter of colonies was measured along two transversely-oriented axes. Spore production was quantified at seven and 12 days after plating, using a hemocytometer. The volumes of the conidia-bearing suspension used for counting was 10 and 20 mL, for evaluations on days seven and 12 days, respectively. A completely randomized experimental design was used, with six replicates for mycelial growth (one plate per replicate) and 48 replicates for spore production (8 readings per plate). Data on culture media and lighting condition were submitted to statistical analysis; means were compared by Tukey test (α = 0.05). For the temperatures assay, the evaluated variables (mycelial growth and number of conidia produced) were submitted to regression analysis using the same statistical software, aiming to calculate the equation that would provide the best data fit, using polynomial regression.
RESULTS AND DISCUSSION
Mycelial growth, evaluated on day seven, did not show differences among the four media: PDA 6.43 cm, oat 6.60 cm, autoclaved green pepper 6.17 cm and filtered green pepper 5.77 cm. This demonstrated that the host extract media did not promote increased mycelial growth.
A quadratic model best explained the negative impact resulting from temperature increase on the analyzed variables (mycelial growth and production of conidia). The incubation temperature affected on mycelial growth (P < 0.05); 20 and 25ºC were the most favorable temperatures, both on days seven and 12 ( Figure  1-A) ; the following equations were obtained: where Y is mycelial growth and X is incubation temperature. The observation that milder temperatures are more adequate for this genus of fungus was also verified in a similar research (Dalla Pria et al., 1997) . These results also agree with reports showing that the disease caused by Colletotrichum spp. is detrimental under milder temperature conditions (King et al., 1997; Kurozawa & Pavan, 1997) .
With regard to sporulation, the culture media composition showed differences (Table 1 ). In 7-and 12-day old colonies, sporulation in oat and PDA was higher than in green pepper media. Four to five times more spores were obtained in the oat medium than in the media prepared with host tissue. The production of conidia in PDA represented about 40% of that obtained in oat. The amount of spores in 7 day-old colonies, developed on green pepper and oat media, was much smaller than that measured at 12 days, demonstrating that colony age could influence the amount of inoculum.
Despite containing parts or chemical substances from the fungus natural host, natural media do not always elicit the best sporulation. This behavior was also observed by Dalla Pria et al. (1997) and Hanada et al. (2002 ). Dalla Pria et al. (1997 , in an evaluation involving three different fungi, noticed that only one of them had sporulation favored by the use of natural culture medium, while Hanada et al. (2002) observed that development of Mycosphaerella fijiensis on a medium containing leaves from banana plant, which is susceptible to the fungus, was inferior than that obtained with standard culture medium (PDA). Therefore, in addition to the requirement for mixing host parts with the culture medium, nutritional supplements that allow increased fungi sporulation must be added.
The amount of spores produced under incubation at 20 and 25ºC was higher than at 15, 30, and 35ºC (Figure 1-B where Y is the amount of spores produced and X is the incubation temperature.
The sporulation of fungi of the genus Colletotrichum is favored by temperatures in the range of 20-24ºC, while temperatures above 30ºC may have an inhibitory effect (Kendrick & Walker, 1948; Slade et al., 1987) , in agreement with the results found in the present work.
Light regimes studied herein (light or dark) did not have effect on sporulation at seven days; however, at 12 days, the production of conidia was higher when incubation occurred under constant light (Table 1) . In assays by Yoon & Park (2001) , the presence of light might favor spore production; in those assays, C. gloeosporioides sporulated more intensely under a regime of 16 hours of light, confirming the results found in the present work.
A recommendation can be made for culturing the fungus on oat medium, at a temperature of 25ºC, under continuous-light conditions, during 12 days, in order to obtain inoculum for experimentation purposes. 
